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Introduction
The catches in the Japanese coastal fishery has been 
decreased by almost 30% in the last three decades (Fisheries 
agency of Japan 2017). The decreasing is by the complex 
causes such as environmental changes of Ocean, over fishing, 
aging of fisherman and increasing the fuel fee. With the 
coastal fishery catches have become unstable, the importance 
of aquaculture and stock enhancement in the fishery industry 
has increased. Now, Japanese fisheries agency recommends 
aquaculture and seed releasing of invertebrates such as oysters, 
sea urchins and sea cucumbers.
For improving productivity of aquaculture, several new 
techniques to control maturation, spawning, growth and taste, 
are developed. In this review, I introduce new techniques for 
aquaculture using embryology, genetics and hydrodynamics.
Gene function analysis in the molluscan 
embryos
In the genomic era, we can easily access to the genome and 
gene expression data without any restrictions by the species 
of organisms using Next generation sequencers (NGS). In the 
commercially important species, information of the spatio-
tempral gene expression has been increasing for the last 
decade (Zhang et al., 2012; Nakamura et al., 2013; Wan et al., 
2017). As examples of the molluscs, the comparative study of 
the gene expression among different developmental stages, 
and different tissues is conducted in the pacific oysters (Zhang 
et al., 2012), pearl oysters (Takeuchi et al., 2016) and the 
tropical abalone (Jackson et al., 2003). These studies found 
that many genes expressed in a developmental stage and/or a 
tissue specific. These genes are estimated playing important 
roles such as the morphogenesis and retaining the homeostasis 
in specific stage/tissue. However, the function of these genes 
in molluscs is mostly inferred from the functions revealed in 
genes of model organisms.
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Abstract
In the fisheries of Japan, the importance of aquaculture of marine invertebrates 
such as oysters, sea cucumbers and sea urchins, has increased for establishing 
stable productions. For improving productivity, several new techniques to control 
maturation, spawning, growth and taste, are developed. Here, I introduce new 
techniques for aquaculture using embryology, genetics and hydrodynamics. 1) In 
the genomic era, we can easily access to the spatio-temporal gene expression pattern 
using NGS RNA-seq regardless of model/non-model organisms. On the other hand, 
gene functional itself is still poorly understood due to lack of gene functional analysis. 
I showed some cases of gene knockdown experiments in shellfish embryogenesis 
using microinjection of dsRNA(RNAi) and Morpholino oligo. 2) Small planktonic 
crustaceans, which contaminated from supplying sea water, cause serious problems 
in invertebrate aquaculture tanks through predatory damage or competition for food 
resources with the aquaculture species. To solve this problem, our team developed a 
novel method for eradicating small planktonic crustaceans using a ‘cavitation’ shock 
wave. Cavitation treatment killed more than 90% of planktonic crustaceans present 
in supplied sea water. The result suggests that cavitation treatment is an effective 
method for controlling planktonic crustaceans without using chemicals.
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Identification of the gene function in each species will 
become the great help on aquaculture. The quantitative 
differences of gene expression, and mutations in the DNA 
sequences underlying such differences, will be a good 
indicator for selection in the breeding. Furthermore, a mutation 
positively affecting the useful traits of breeding organisms 
can be inserted by gene-editing tools. For using these benefits, 
identification of gene function should be conducted with the 
gene expression analysis.
Now, some studies established gene function analysis in 
molluscs. Rabinowitz et al. (2008) firstly succeeded to identify 
the gene function by the gene knockdown experiment using 
microinjection of Morpholino Oligonucleotide (MO). They 
inhibited translation of Nanos in embryogenesis of the marine 
snail Ilyanassa obsoleta, and elucidated Nanos involves in 
differentiation of the tissues derived from 4d blastomare 
lineage (e.g. main larval retractor muscle, intestinal organs 
and heart). On the shell formation, Hashimoto et al. (2012) 
revealed that BMP2/4 involves in the shell formation by 
RNAi (injection dsRNA into the fertilized eggs) in the limpet 
Nippoacmea fuscovilidis. On the adult shell formation, Suzuki 
et al. (2009) presented that genes Pif 97 and Pif 80 regulate 
nacre formation by injecting dsRNA into the adductor muscle 
of pearl oyster Pinctada fucata. The inhibitor treatment assay 
revealed Nodal signaling pathway involves in the formation 
of left-right asymmetry (Grande and Patel, 2009; Kurita and 
Wada, 2011) in the marine snails and limpets.
The technical base of gene function assay in the mollusca 
is mostly organized. On the other hand, the great missing 
is still remained like cephalopods (squids and octopus). In 
order to make effective use of the big data of gene expression 
information for improving the productivity of aquaculture, 
functional assay should be conducted.
Physical eradication system of contaminated 
harmful planktons using “shockwave of 
cavitation”
In recent years, the aquaculture using oceans often takes 
economic damages caused by the mass death and suspension 
of shipping of the aquaculture products due to the occurrence 
of high water temperature, red tides and shellfish poisoning. 
For avoiding these problems, the production of release seeds 
and farming of products in "onshore aquaculture tanks" is 
conducted. The onshore aquaculture tank is usually supplied 
natural seawater filtered by sand filter tank to maintain the 
water quality. However, in many cases, zooplankton in 
seawater passes the sand-filtration and contaminates large 
amounts into the aquaculture tank, causing serious damage to 
culturing organisms.
Planktonic crustaceans negatively affect the larvae and 
juveniles of some invertebrates in aquaculture tanks as 
predators or food resource competitors. A notorious case is 
copepods prey on and compete for food with juveniles of the 
Japanese common sea cucumber, Apostichopus japonicus. 
A. japonicus is one of the most commercially important sea 
cucumbers in Japan. In recent years, the annual catch has been 
7~10 thousand tons (wet weight) and has been increasing 
mainly in response to a growing demand for dried sea 
cucumber products for export to China (Fujiwara et al., 2010). 
Therefore, the sustainable production of sea cucumbers is a 
crucial economic issue. However, several organizations have 
reported mass mortality of the cultured cucumber juveniles 
caused by copepods (Katano 2011; Noguchi and Noda, 2011).
To eradicate copepods, filtration has high economic 
and labor costs and is usually not sufficient to prevent 
contamination of aquaculture tanks by copepods. A recent 
study reported that seawater aerated with CO2 will kill 
copepods (Noguchi and Noda, 2013). However, CO2 also 
negatively affects several invertebrates (Kurihara and 
Shirayama, 2004; Dupont et al., 2011). Therefore, CO2 
treatment is limited to use in aquaculture tanks and attachment 
substrates without breeding organisms.
Here, we investigated the ability of a physical eradication 
system using cavitation to kill small planktonic crustaceans, 
including copepods (Fig. 1). ‘Cavitation’ is a phenomenon 
that is a consequence of the formation and disruption of 
vapor cavities in a liquid, i.e., micro- and nanosize bubbles. 
Cavitation can damage the surface of metallic devices such as 
propellers and impellers inside pumps via the shock waves that 
occur with the disruption of macro/nano-bubbles (Soyama, 
1998).
First, we evaluated the relationship between the water 
pressure used for the cavitation treatment and its ability to 
kill planktonic crustaceans. Collected planktonic crustaceans 
were added to each tank. After the treatment, numerous 
broken crustacean bodies were observed (Fig. 1). After the 
Fig. 1.  A machine for physical eradication of planktonic crustaceans 
(upper) and broken copepods by cavitation treatment of this 
machine (lower).
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treatments, the rate of reduction was significantly higher in 
the tanks treated with the high-pressure condition than with 
the low-pressure condition (89.9 ± 2.0% vs. 76.7 ± 5.2%, 
Mann–Whitney U-test, P < 0.01).
Next, we assessed the relationship between the number of 
treatment cycles and the reduction in surviving individuals. 
When collected planktonic crustaceans were added to each 
tank, the rate of reduction increased with the number of water 
volumes treated. The rate of reduction exceeded 80% on 
treating a volume equal to six times that of the tank (3000 L, 
60 min) and reached about 95% on treating a volume eighteen 
times the volume of the tank (9000 L, 180 min).
Because there is no easy way to eradicate large numbers 
of planktonic crustaceans from aquaculture tanks, eradication 
efforts have focused on preventing contamination of the 
tanks (Sakai and Konda, 2008; Noguchi and Noda, 2013). 
The new method using cavitation treatment showed high 
eradication efficiency and can be adopted for the eradication of 
planktonic crustaceans in tanks containing cultured organisms 
not only sea cucumber, but also shellfishes and sea urchins. 
The combined use of cavitation treatment with conventional 
methods might facilitate the sustainable seed production of 
several marine organisms for stock enhancement by preventing 
damage from copepods and other planktonic crustaceans.
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